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Abstract 

Background:  With the increasing use of mobile technology, ecological momentary assessments (EMAs) may enable 
routine monitoring of patient health outcomes and patient experiences of care by health agencies. This rapid review 
aims to synthesise the evidence on the use of EMAs to monitor health outcomes after traumatic unintentional injury.

Method:  A rapid systematic review of nine databases (MEDLINE, Web of Science, Embase, CINAHL, Academic Search 
Premier, PsychINFO, Psychology and Behavioural Sciences Collection, Scopus, SportDiscus) for English-language 
articles from January 2010–September 2021 was conducted. Abstracts and full-text were screened by two review-
ers and each article critically appraised. Key information was extracted by population characteristics, age and sample 
size, follow-up time period(s), type of EMA tools, physical health or pain outcome(s), psychological health outcome(s), 
general health or social outcome(s), and facilitators or barriers of EMA methods. Narrative synthesis was undertaken to 
identify key EMA facilitator and barrier themes.

Results:  There were 29 articles using data from 25 unique studies. Almost all (84.0%) were prospective cohort studies 
and 11 (44.0%) were EMA feasibility trials with an injured cohort. Traumatic and acquired brain injuries and concussion 
(64.0%) were the most common injuries examined. The most common EMA type was interval (40.0%). There were 10 
key facilitator themes (e.g. feasibility, ecological validity, compliance) and 10 key barrier themes (e.g. complex technol-
ogy, response consistency, ability to capture a participant’s full experience, compliance decline) identified in studies 
using EMA to examine health outcomes post-injury.

Conclusions:  This review highlighted the usefulness of EMA to capture ecologically valid participant responses of 
their experiences post-injury. EMAs have the potential to assist in routine follow-up of the health outcomes of patients 
post-injury and their use should be further explored.
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Background
The growing recognition by health service agencies of 
their need to demonstrate provision of value-based 
care, has resulted in a shift in metrics used to monitor 
healthcare performance [1]. Foremost in benchmark-
ing performance among health facilities is the moni-
toring and reporting of health outcomes in clinical 
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populations in-hospital and post-discharge [2–4]. With 
the increasing use of mobile technology, one technique 
that may enable routine monitoring of patient health 
outcomes and patient experiences of care is ecological 
momentary assessments (EMAs).

EMAs, experiencing sampling methods or ambu-
latory assessments allow snap-shots into real-life 
moments by enabling self-collection of thoughts, 
behaviours, symptoms, activities, experiences, or biom-
etric data (e.g. heart rate), in real-time from a defined 
population [5, 6]. Information is usually collected for 
short, specific periods either after a specific event or 
experience (i.e. event-contingent sampling), at fixed, 
regular intervals throughout a day (i.e. interval-contin-
gent sampling) or at random time points during a day 
(i.e. signal-contingent sampling) [7]. These repeated 
measurements are being collected increasingly via 
mobile devices, including smart phones or sensor 
equipment.

The information collected using EMAs is usually 
recorded in a natural environmental situation and 
allows temporal sequences of symptoms or conditions 
to be monitored and relationships, and often interde-
pendencies, between conditions to be explored [5, 8, 9]. 
The use of EMAs can improve data validity by reduc-
ing many data collection biases, such as retrospective 
recall bias, and data entry or transcription errors [5, 8]. 
EMAs also allows for the timely acquisition of infor-
mation regarding an individual’s health outcomes and, 
when needed, swiftly acted upon [9].

EMAs have been frequently used to monitor risk fac-
tors and behaviours for intentional injuries, including 
suicidal thoughts, behaviours, and acts of self-harm 
[10], but their use has been fairly limited in monitoring 
health outcomes after other types of injuries. Around 
973 million individuals sustain a traumatic injury (such 
as fractures, dislocations, open wounds, sprains or 
strains) worldwide each year that required some form 
of healthcare [11]. A serious injury can have an adverse 
impact on the individual, their family, and local com-
munity [12].

Many seriously injured individuals can experience 
ongoing mobility and functional limitations, depression, 
anxiety and post-traumatic stress disorder (PTSD) [13]. 
Therefore, the ability to monitor physical, psychologi-
cal, and social health outcomes after injury, along with 
experiences of service use, and social participation would 
be advantageous to identify the need for interventions, 
ongoing service needs, and service planning, includ-
ing use of primary care and allied health. The aim of this 
rapid review is to synthesise the evidence on the use of 
EMAs to monitor health outcomes after traumatic unin-
tentional injury.

Method
This rapid review synthesises the evidence on the use 
of EMAs to monitor different types of health outcomes 
after sustaining an injury. The review examines informa-
tion on the type of EMA tools used, follow-up periods, 
the different tools and methods used to monitor health 
outcomes, and the facilitators and barriers identified to 
using EMAs to monitor health outcomes post-injury. 
This review adhered to the Preferred Reporting Items for 
Systematic Review and Meta-analyses (PRISMA) state-
ment [14].

Definitions
Research studies were included in the rapid review if they 
used EMAs to monitor the health outcomes of an indi-
vidual after sustaining a traumatic injury. An EMA is a 
method by which information is captured at multiple 
time periods regarding an individuals’ current health (e.g. 
physical or psychological) state or experiences in real-
time [5]. A traumatic injury was considered to be “a bod-
ily lesion at the organic level caused by acute exposure to 
physical agents such as mechanical energy, heat, electric-
ity, chemicals, and ionizing radiation interacting with the 
body in amounts or at rates that exceed the threshold of 
human tolerance. In some cases, injuries result from the 
sudden lack of essential agents such as oxygen or heat” 
[15]. There were no restrictions on the type of injury sus-
tained. However, intentional injuries following self-harm 
or interpersonal violence were excluded from the review 
as EMAs have been frequently used to monitor risk fac-
tors and behaviours for intentional injuries, whereas use 
of EMAs has been limited to monitor outcomes after 
unintentional injuries.

Individual health outcomes could either capture health 
states in the short-, medium- or long-term. Health out-
comes could include information on physical health or 
pain outcomes (e.g. physical functioning, mobility, activi-
ties of daily living (ADLs), pain, medication use), psycho-
logical health (e.g. depression, anxiety, stress, PTSD), or 
general health and social outcomes (such as quality of life 
(QoL), social activity participation, biometric data e.g. 
heart rate, hours spent sleeping, step count).

Data sources and eligibility criteria
A systematic search was conducted using nine data-
bases: MEDLINE, Web of Science, Embase, CINAHL, 
Academic Search Premier, PsychINFO, Psychology and 
Behavioural Sciences Collection, Scopus, SportDiscus. 
The search strategy was developed with a university 
librarian and included the following search terms: (eco-
logical momentary assessment* OR Ecological Momen-
tary Assessment OR momentary assessment* OR EMA 
OR experience sampling OR ambulatory assessment* OR 
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event sampling), AND (injur* OR accident OR trauma* 
OR accident* OR wound* OR lesion* OR bruise* OR 
abrasion* OR harm) (see Additional file 1 for full search 
strategy).

Studies were excluded if the article was a systematic or 
other type of review, a single case report, a study proto-
col, or if there was insufficient detail regarding the health 
outcome(s) examined. Results were limited to English-
language articles that were published in peer-review 
journals from 1 January 2010 to 21 September 2021. 
Snowballing of reference lists from the articles was con-
ducted to identify any potential articles not previously 
identified.

Abstract screening
The title, abstract and citation information relating to 
each study identified during the database searches was 
imported to Endnote X20 and duplicates removed. The 
abstracts were independently assessed for inclusion by 
three reviewers (RG, RL, RM), who met regularly to dis-
cuss any uncertainties. If the abstract did not report on 
how EMAs were used to monitor health outcomes after 
unintentional injury it was excluded. Any disagreements 
on abstract inclusion were discussed and consensus 
achieved. Abstract screening was independently veri-
fied for accuracy by dual screening each abstract in pairs, 
with 99.0% percent agreement achieved during the initial 
abstract screen (i.e. RG/RL and RG/RM). After discus-
sion, consensus was obtained to include n = 34 abstracts 
to the full-text screening stage.

Full‑text screening, data extraction and quality review
In the full-text screening each study was assessed by 
three reviewers (RG, RL, RM). Any study that did not 
meet the inclusion criteria was excluded. For studies that 
met the inclusion criteria, key characteristics of each 
study were extracted during the full-text review by one 
reviewer (RG), including: authors and publication year; 
review objective/aim; study type, country and data col-
lection timeframe, population characteristics, age and 
sample size, EMA type (i.e. signal, event or interval) 
and follow-up time period(s), EMA assessment tool(s), 
physical health or pain outcome(s), psychological health 
outcome(s), general health or social outcome(s), and 
facilitators or barriers of EMA methods identified dur-
ing the study by the authors. Data extraction results were 
independently verified for accuracy by a second reviewer 
(RM) and any disagreements were discussed. The meth-
odological quality of the articles was assessed by one 
reviewer (RG) using the CASP Cohort checklist [16] or 
the CASP RCT checklist [17]. Any clarifications regard-
ing methodological quality were discussed between all 
reviewers.

Narrative synthesis
The information on the included studies in the data 
extraction table was compared and a narrative synthesis 
was undertaken of the facilitators and barriers by one 
reviewer (RM) and these were appraised by a second 
reviewer (RL). The narrative synthesis involved reading 
and reviewing each of the facilitators and barriers iden-
tified in the discussion section of each article. Then an 
inductive, iterative process was used to categorise each 
factor identified as either as a facilitator or a barrier 
based on the key factor theme (e.g. a facilitator of ‘data 
collection minimises recall bias’ was categorised as ‘reli-
ability’ and a barrier of ‘EMA is potentially a time burden 
for study participants’ was categorised as ‘time-burden’). 
Each factor was allocated to one theme, but several facili-
tators or barriers could be identified in each article.

Results
There were 4418 records identified during the data-
base searches. After removing duplicates, 2425 records 
remained. After abstract screening, 35 full-text records 
were assessed for eligibility, along with four records iden-
tified after snowballing. A final 29 articles using data 
from 25 unique studies were included in the rapid review 
(Fig. 1).

Almost all (84.0%) unique studies were prospective 
cohort studies, with four (16.0%) randomised control trial 
(RCTs) designs. Eleven (44.0%) studies were feasibility 
trials of the effectiveness of using EMA to record infor-
mation with a traumatically injured cohort. The majority 
of studies were conducted in the United States (84.0%), 
with one (4.0%) study each in Canada, Germany, the 
Netherlands, and Spain. Traumatic brain injury (TBI) (i.e. 
n = 5 mild TBI, n = 2 severe TBI, and n = 2 TBI – sever-
ity not specified), concussion (n = 5), and acquired brain 
injury (n = 2) were the most common injuries examined 
(64.0%). Traumatic injury, such as fractures open wounds 
or anterior cruciate ligament injuries (20.0%; n = 5) and 
spinal cord injury (16.0%; n = 4) were also examined. The 
most common EMA type was interval (40.0%; n = 10), 
with nine (36.0%) random, and three (12.0%) event types. 
One (4.0%) study used both interval and event EMAs, 
and one study (4.0%) used all three EMA types. A vari-
ety of assessment measures were used to record infor-
mation on physical or pain, psychological, general health 
and social outcomes post-injury using EMA. Only nine 
(36.0%) studies recorded information on social activ-
ity participation. Almost all (89.7%) authors identified at 
least one facilitator or barrier of using EMA (Table 1).

There were ten key facilitator themes and ten key bar-
rier themes identified in studies using EMA to examine 
health outcomes post-injury (Table 2). Where facilitators 
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were identified, feasibility, ecological validity, and com-
pliance were the most common themes identified for 
each EMA type (Fig. 2a). Complex technology, response 
consistency, and the ability to capture a participant’s 
full experience were the most common barrier themes 
identified for interval EMAs. Compliance decline and 
the potential for participants to be negatively affected 
by prompt frequency were the most common barrier 
themes identified for random EMAs (Fig.  2b). Quality 
assessment measures for articles varied and few studies 
(24.0%; n = 6) received all ‘Yes’ ratings (Tables 3 and 4).

Discussion
This rapid review identified 25 unique studies where 
EMAs were used to monitor symptoms and QoL after 
unintentional traumatic injury. Obtaining this sort of 
experiential information post-injury can assist in identi-
fying temporal changes in clinically-relevant symptoms 
and health states, in making decisions regarding fur-
ther treatment options, in allocating health service and 
resource requirements, and has the ability to identify any 
unmet health needs [48].

With mobile technology advances, the use of EMA 
is likely to become more commonplace to conduct 

follow-up studies for injured individuals in real-time 
and in real-world settings. This review has identified that 
each type of EMA (i.e. interval, random, and event) has 
demonstrated feasibility to monitor post-injury recovery, 
commonly for individuals who sustained brain or spinal 
cord injuries. Individuals who sustain either brain inju-
ries or a spinal cord injury can have a long-term recovery 
and adjustment period, as individuals and their families 
adjust to living with the consequences of these injuries 
and their associated symptoms and related health issues 
[49–51]. It is possible that EMA could facilitate the long-
term monitoring of the recovery of traumatically injured 
populations.

In general, compliance with data collection in prospec-
tive studies that have used EMAs has been reported as 
high [52], and that EMAs can reduce recall bias through 
using real-time data collection [23, 34, 47]. While partici-
pant responses using EMAs are considered to be more 
reliable than retrospective studies [22, 31, 48], several 
study authors did identify as a potential barrier the reliabil-
ity of information from participants obtained using EMAs 
[20, 23, 27, 37, 42, 46, 47]. For some participant informa-
tion, such as health service use (e.g. primary care, emer-
gency department visit or hospital admission), there would 

Fig. 1  PRISMA flow diagram1

1PRISMA Flow diagram attribution: Page M et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 
2021;372:n71. doi: https://​doi.​org/​10.​1136/​bmj.​n71

https://doi.org/10.1136/bmj.n71
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Table 2  Identified ecological momentary assessment facilitator and barrier themes

Theme Examples Authors and EMA type

Facilitators
  Accepted technology Ease of use of the interface, familiarity with the mobile device, and 

brevity of the survey allowed for easy completion of survey.
Does not take very long for participants to habituate to a monitor-
ing device (i.e. E4).

Price et al. [45] - random
Carlozzi et al. [47] - interval

  Clinician-monitor Ability for results to be shared with the treating clinician. Forster et al. [20] - random

Compliance Relatively short questionnaire length allowed for commitment by 
participants.
A schedule feature resulted in great compliance and satisfaction.

Gonzalez-Borato et al. [41] - event
Juengst et al. [22] - interval

Ecological validity Higher frequency repeated symptom assessment in a natural envi-
ronment over a short period could provide a more valid measure of 
emotional symptoms and a better indicator of clinically meaningful 
change at the individual level.
Data collection method had little influence on mood and feelings 
promoting ecological validity.

Juengst et al. [23] - interval
Lenaert et al. [24] - random

Feasibility Simple technology and using text-message allowed for easy com-
pletion for participants.
Text messages are an efficient method of implementing a “watchful 
waiting” program after a traumatic event.

Parcella et al. [42] - interval
Price et al. [44] - interval

Methodological quality Combination of objective and subjective measures reduced prob-
lems related to overlapping method variance.
Mobile ecological momentary assessments (mEMA) better pre-
dicted recovery time than Post-Concussion Symptom Scale (PCSS).

Kratz et al. [36] – interval and event
Sufrinko et al. [30] - random

Personal device use reduced costs Using an individual’s personal device significantly reduced the cost 
associated with conducting studies or delivering intervention.

Price et al. [45] - random

Reliability Use of EMA may reduce misidentification of individuals with clini-
cally significant symptoms.
Data collection minimises recall bias.

Juengst et al. [23] - interval
Carlozzi et al. [47] - interval

Self-monitor Patients able to assess and monitor their own symptoms.
Users were able to monitor own progress and rehabilitation.

Forster et al. [20] - random
Gonzalez-Borato et al. [41] - event

Temporal relationships Ability to examine temporal relationships among symptoms.
mEMA data across recovery better predicted recovery duration 
compared with PCSS score at any clinic visit, but illustrated symp-
tom patterns that may further inform clinical profiles and guide 
treatment recommendations.

Carlozzi et al. [47] - interval
Sufrinko et al. [30] - random

Barriers
Capture full experience Pain in spinal cord injury (SCI) is multifaceted, and thus ratings of 

pain intensity do not capture the full breadth of the pain experi-
ence in individuals with SCI.
Single daily assessments may not be a valid representation of symp-
toms/ progression.

Carlozzi et al. [34] - interval
Juengst et al. [23] - interval

Complex technology EMA requires more sophisticated analytical hardware for monitor-
ing and data capture.
User error or internet connection difficulties interfered with com-
pletion of assessments.

Carlozzi et al. [34] - interval
Kratz et al. [37] – interval and event

Compliance decline Compliance decreased with every passing testing day.
Participants were less likely to respond as days since injury 
increased.

Forster et al. [20] - random
Sufrinko et al. [30] - random

Response consistency Difficult to gauge how reliable and realistic the patients answers 
were.
Method of self-reporting may contribute to variability.

Forster et al. [20] - random
Juengst et al. [23] - interval

Floor/ceiling effects The presence of a floor effect for EMA pain interference presented 
an analytical challenge in our data.

Carlozzi et al. [34] - interval

Potential biases Potential for individuals to change behaviour when they are being 
monitored.
The use of EMA might also be limited by other psychological factors 
such as social desirability and patients’ individual differences.

Carlozzi et al. [47] - interval
Forster et al. [20] - random
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be the potential to cross-check information provided by 
the participant with information from other sources, such 
as through record linkage of self-reported data collected 
using EMA with administrative health records [53].

Five studies [30, 33, 38, 40, 47] identified that EMAs 
facilitated the examination of temporal relationships, 
such as health symptoms like pain or PTSD and time 
since injury event. Examining temporal relationships 
can assist in providing information on factors associ-
ated with participant well-being and clinical improve-
ment or where further treatment options could be 
considered. In addition, capturing information on the 
use of primary care and allied health services over time 

for injured individuals could also provide insight into 
the frequency of use of these services, along with details 
of treatment or rehabilitative activities undertaken.

For the post-injury cohorts in this review, only three 
studies collected biometric data using EMA, with heart 
rate [39, 40] and sleep and movement activity [31] 
recorded. Biometric data collection measures can be 
felt by some participants to be intrusive [54], but may 
become more frequently used over time. Motion-sen-
sor apps have been incorporated into smart phones and 
it is possible that the ability to unobtrusively capture 
some participant activities, like walking, balance, and 
physical activity participation will grow over time [55].

Table 2  (continued)

Theme Examples Authors and EMA type

Personalised feedback Participants requested personalized questions and personalized 
feedback for a better experience.
Participants indicated that they did not believe the data they were 
providing were doing any good because they could not see any 
effect on their treatment. On a few occasions participants tempo-
rarily ceased participating in EMA data collection after researchers 
and clinicians failed to respond to a stress or crisis event recorded 
in EMA data.

Price et al. [45] - random
Smith et al. [28] – interval, event, and random

Participant negatively affected by 
prompt frequency

Pain may have been exacerbated due to repeatedly asking partici-
pants to think about their pain levels.
Participant mood and emotion may have been influenced by high 
frequency of prompts.

Todd et al. [39] - random
Forster et al. [20] - random

Poor technology The PDAs were viewed as being clunky and out of date compared 
with smart phones.

Smith et al. [28] interval, event, and random

Time-burden EMA is a relatively intense data collection procedure that can be 
burdensome on the participant.
It was more difficult for subjects to enter ratings during busy wake 
and bed-time routines, which, for people with SCI, often involve 
lengthy and assisted self-care routines (e.g. bowel and bladder 
care).

Carlozzi et al. [47] - interval
Kratz et al. [37] – interval and event

Fig. 2  Key facilitator (A) and barrier (B) themes identified for ecological momentary assessment (EMA) by EMA type1

1Multiple themes could be identified for each article.
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Conducting follow-up studies of injured individuals 
post-discharge is not without challenges, such as partici-
pant retention [19] and compliance with data collection 
protocols [56]. EMA studies have generally shown good 
retention [35, 42] and participant compliance with data 
collection prompts [52]. However, this review has identi-
fied several potential barriers to EMA use, including the 
acknowledged behaviour-altering effects associated with 
social desirability bias and the Hawthorne Effect [20, 47]. 
Six studies queried whether it was possible that the full 
experience of an injured individual was being captured 
using EMAs [23, 30, 34, 37, 43, 46]. By limiting the num-
ber of follow-up questions that participants are asked to 
reduce time-burden, it is possible that key aspects of a 
participant’s post-injury experiences are not being cap-
tured. Including a free-text option for participants to 
record any additional information they would like to pro-
vide would allow participants the ability to provide perti-
nent information of their own choosing and could allow 
a more complete picture of participant experience to be 
obtained [57].

This review identified that studies that use EMAs 
should have the functionality to provide feedback to par-
ticipants regarding the EMA data they have provided to 
enable each participant to monitor their own progress 
post-injury, such as progress with their rehabilitation 
activities [20, 24, 41, 58]. There was a decline in partici-
pant compliance with data collection prompts identi-
fied in some studies [20, 25, 28, 30, 41, 46]. However, 
potential mechanisms to retain participant compliance 
over time could include gamification of some aspects of 

data collection [58] and providing participant feedback 
regarding their progress in real-time.

In general, health symptoms tend to be reported as 
more intense and longer lasting using EMAs [5]. In four 
studies, the authors acknowledged that participants 
appeared to be negatively affected by prompt frequency 
[20, 30, 39, 40], demonstrating the need to have in place 
appropriate risk management practices [59] to reduce 
any adverse impact on study participants. Risk manage-
ment practices could include the use of clinical thresh-
olds for participant responses (including for pain scores 
or psychological health measures) to trigger immediate 
follow-up of the participant from a health professional. 
There is the potential that some health outcome meas-
ures may need to be adapted for use with EMA to reduce 
the potential for participant re-experiencing [46] of the 
injurious event or feelings around the injurious event, 
such as might occur through the collection of informa-
tion on PTSD symptoms.

Strengths and limitations
The strengths of this rapid review were that it used a com-
prehensive search strategy involving multiple databases, 
the review followed the PRISMA guideline, a specialist 
university librarian assisted with the development of the 
key search terms, and multiple reviewers were involved 
in the data extraction phase with high interrater reliabil-
ity. Any clarifications or disagreements were discussed 
between reviewers and consensus was obtained. However, 
there were limitations. Only unintentional injuries were 
considered, therefore articles that used EMA to examine 

Table 4  Quality assessment criteria of each article using CASP RCT Checklista

Y Yes, N No, C Can’t tell, N/A Not applicable
a CASP RCT Appraisal Checklist questions:

1. Did the trial address a clearly focussed issue?

2. Was the assignment of patients to treatments randomised?

3. Were all of the patients who entered the trial properly accounted for at its conclusion?

4. Were the patients, health workers and study personnel ‘blind’ to treatment?

5. Were the groups similar at the start of the trial?

6. Aside from the experimental intervention, were the groups treated equally?

7. How large was the treatment effect?

8. How precise was the estimate of the treatment effect?

9. Can the results be applied to the local population?

10. Were all clinically important outcomes considered?

11. Are the benefits worth the harms and costs?

Authors Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11

Traumatic brain injury, concussion, and acquired brain injury
Betthauser et al. [19] Y Y Y N Y Y Y Y Y Y C

Hart et al. [21] Y Y C N Y Y Y N Y Y Y

Pavliscsak et al. [25] Y Y Y N Y Y Y C Y Y Y

Suffoletto et al. [29] Y Y Y Y N Y Y C Y Y Y
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health outcomes following self-harm were excluded and 
these may have contributed additional insights. Articles 
published in non-English languages were excluded, which 
may result in language-bias. The identification of facilita-
tor and barriers was reliant on the reporting of these fac-
tors in articles by study authors. The relationship between 
key facilitator and barrier themes is not known and Fig. 2 
results are likely influenced by the frequency that different 
EMA types were used by different studies.

Future directions
There are several further opportunities for research using 
EMAs. As meanings can differ for participant responses 
using EMAs in different countries, further exploration 
and establishment of response norms for different types 
of injuries would be advantageous [60]. There is also 
potential for other factors, such as type of setting or pres-
ence of peers, to influence participant data recording 
practices, therefore the generation of normative samples 
(e.g. using non-injured participants) could assist to tease 
out the influence of some of these factors [61]. Norma-
tive samples may also provide information on exposure 
and risk factors for injury [59], along with the potential 
for exposure-time estimates for different activities (e.g. 
worker hazard exposure, time spent playing or training 
for different sports) [9, 62, 63] using activity sensor tech-
nology. There is also the potential for EMAs to be used to 
record information regarding the perceptions and expe-
rience of family members [64] of an injured individual. 
More broadly, health systems could incorporate long-
term symptom and QoL measures using EMAs as part 
of routine patient follow-up, with any symptom reports 
outside a normative range being flagged for clinical fol-
low-up and assessment [23].

Conclusion
This review summaries the literature on the use of EMAs 
to capture symptoms, health states, behaviours, QoL, 
and activities post-injury. It highlighted the usefulness of 
EMA to capture ecologically valid participant responses 
of their experiences post-injury and has identified com-
mon facilitators and barriers regarding the use of EMAs. 
EMAs have the potential to assist in routine clinical fol-
low-up of health outcomes of patients post-injury and 
their use should be further explored.

Abbreviations
ABI: Acquired brain injury; ADL: Activity of daily living; ED: Emergency 
department; EMA: Ecological momentary assessment; EOD: End of day; ESM: 
Experience sampling method; HRQoL: Health-related quality of life; mTBI: Mild 
traumatic brain injury; N: not applicable; PCS: Post-concussive symptoms; 
PTSD: Post-traumatic stress disorder; QoL: Quality of life; RCT​: Randomised 
control trial; SCI: Spinal cord injury; TBI: Traumatic brain injury.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12874-​022-​01586-w.

Additional file 1. 

Acknowledgements
The authors thank Ms. Jan Van Balen, medical research librarian, for 
their expertise and guidance regarding the development of the search 
terminology.

Authors’ contributions
All authors contributed to the study conception and design. RG conducted 
the database search and all authors conducting abstract and full-text 
screening. The first draft of the manuscript was written by RM and all authors 
commented on previous versions of the manuscript. All authors read and 
approved the final manuscript.

Funding
This research did not receive any specific grant from funding agencies in the 
public, commercial, or not-for-profit sectors.

Availability of data and materials
All data generated or analysed during this study are included in this published 
article.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare they have no competing interests.

Received: 4 November 2021   Accepted: 23 March 2022

References
	1.	 Card AJ. Moving beyond the WHO definition of health: a new perspective 

for an aging world and the emerging era of value-based care. World Med 
Health Policy. 2017;9(1):127–37.

	2.	 Staiger R, Schwandt H, Puhan MA, Clavien P. Improving surgical outcomes 
through benchmarking. J Bri Surg. 2019;106(1):59–64.

	3.	 Preyde M, Brassard K. Evidence-based risk factors for adverse health 
outcomes in older patients after discharge home and assessment tools: a 
systematic review. J Evid Based Soc Work. 2011;8(5):445–68.

	4.	 Forster AJ, Murff HJ, Peterson JF, Gandhi TK, Bates DW. The incidence and 
severity of adverse events affecting patients after discharge from the 
hospital. Ann Intern Med. 2003;138(3):161–7.

	5.	 Shiffman S, Stone AA, Hufford MR. Ecological momentary assessment. 
Annu Rev Clin Psychol. 2008;4:1–32.

	6.	 Arnerić SP, Cedarbaum JM, Khozin S, Papapetropoulos S, Hill DL, Ropacki 
M, et al. Biometric monitoring devices for assessing end points in clinical 
trials: developing an ecosystem. Nat Rev Drug Discov. 2017;16(10):736.

	7.	 Wheeler L, Reis HT. Self-recording of everyday life events: origins, types, 
and uses. J Pers. 1991;59(3):339–54.

	8.	 Mofsen AM, Rodebaugh TL, Nicol GE, Depp CA, Miller JP, Lenze EJ. 
When all else fails, listen to the patient: a viewpoint on the use of 
ecological momentary assessment in clinical trials. JMIR Mental Health. 
2019;6(5):e11845.

	9.	 Runyan JD, Steinke EG. Virtues, ecological momentary assessment/inter-
vention and smartphone technology. Front Psychol. 2015;6:481.

https://doi.org/10.1186/s12874-022-01586-w
https://doi.org/10.1186/s12874-022-01586-w


Page 26 of 27Mitchell et al. BMC Medical Research Methodology          (2022) 22:119 

	10.	 Gee BL, Han J, Benassi H, Batterham PJ. Suicidal thoughts, suicidal behav-
iours and self-harm in daily life: a systematic review of ecological momen-
tary assessment studies. Digital Health. 2020;6:2055207620963958.

	11.	 Haagsma J. And global burden of disease study collaborators, the global 
burden of injury: incidence, mortality, disability-adjusted life years and 
time trends from the global burden of disease study 2013. Inj Prev. 
2016;22:3–18.

	12.	 Leske JS, Jiricka MK. Impact of family demands and family strengths and 
capabilities on family well-being and adaptation after critical injury. Am J 
Crit Care. 1998;7(5):383.

	13.	 Richmond TS, Kauder D. Predictors of psychological distress following 
serious injury. J Trauma Stress. 2000;13(4):681–92.

	14.	 Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, 
et al. The PRISMA 2020 statement: an updated guideline for reporting 
systematic reviews. BMJ. 2021;372:n71.

	15.	 Baker S, O’Neil B, Ginsburg M, Guohua L. The injury fact book. New York: 
Oxford University Press; 1992.

	16.	 Critical Appraisal Skills Programme. CASP cohort checklist. Oxford: Critical 
Appraisal Skills Programme; 2018.

	17.	 Critical Appraisal Skills Programme. CASP RCT Checklist. Oxford: Critical 
Appraisal Skills Programme; 2018.

	18.	 Albanese BJ, Preston TJ, Bedford C, Macatee RJ, Schmidt NB. Distress 
intolerance prospectively predicts traumatic intrusions following an 
experimental trauma in a non-clinical sample. Cognitive Therapy Res. 
2021;45(6):1202–12.

	19.	 Betthauser LM, Forster JE, Bortz A, Penzenik M, Hernandez TD, Bahraini N, 
et al. Strength and awareness in action: feasibility of a yoga-based inter-
vention for post-acute mild TBI headaches among veterans. Contemp 
Clin Trials Commun. 2021;22:100762.

	20.	 Forster SD, Gauggel S, Petershofer A, Voelzke V, Mainz V. Ecological 
momentary assessment in patients with an acquired brain injury: a pilot 
study on compliance and fluctuations. Front Neurol. 2020;11:115.

	21.	 Hart T, Rabinowitz A, Vaccaro M, Chervoneva I, Wilson J. Behavioral activa-
tion augmented with mobile technology for depression and anxiety 
in chronic moderate-severe traumatic brain injury: protocol for a rand-
omized controlled trial. Arch Rehabil Res Clin Trans. 2019;1(3–4):100027.

	22.	 Juengst SB, Graham KM, Pulantara I, McCue M, Whyte EM, Dicianno BE, 
et al. Pilot feasibility of an mHealth system for conducting ecological 
momentary assessment of mood-related symptoms following traumatic 
brain injury. Brain Inj. 2015;29(11):1351–61.

	23.	 Juengst SB, Terhorst L, Kew CL, Wagner AK. Variability in daily self-
reported emotional symptoms and fatigue measured over eight weeks 
in community dwelling individuals with traumatic brain injury. Brain Inj. 
2019;33(5):567–73.

	24.	 Lenaert B, Colombi M, van Heugten C, Rasquin S, Kasanova Z, Ponds 
R. Exploring the feasibility and usability of the experience sampling 
method to examine the daily lives of patients with acquired brain injury. 
Neuropsychol Rehabil. 2019;29(5):754–66.

	25.	 Pavliscsak H, Little JR, Poropatich RK, McVeigh FL, Tong J, Tillman JS, et al. 
Assessment of patient engagement with a mobile application among 
service members in transition. J Am Med Inform Assoc. 2016;23(1):110–8.

	26.	 Rabinowitz AR, Fisher AJ. Person-specific methods for characterizing the 
course and temporal dynamics of concussion symptomatology: a pilot 
study. Sci Rep. 2020;10(1):1–9.

	27.	 Rabinowitz A, Hart T, Wilson J. Ecological momentary assessment of affect 
in context after traumatic brain injury. Rehabil Psychol. 2021;66(4):442–9.

	28.	 Smith B, Harms WD, Burres S, Korda H, Rosen H, Davis J. Enhancing 
behavioral health treatment and crisis management through mobile eco-
logical momentary assessment and SMS messaging. Health Informatics J. 
2012;18(4):294–308.

	29.	 Suffoletto B, Wagner AK, Arenth PM, Calabria J, Kingsley E, Kristan J, et al. 
Mobile phone text messaging to assess symptoms after mild traumatic 
brain injury and provide self-care support: a pilot study. J Head Trauma 
Rehabil. 2013;28(4):302–12.

	30.	 Sufrinko AM, Howie EK, Charek DB, Elbin RJ, Collins MW, Kontos AP. 
Mobile ecological momentary assessment of Postconcussion symptoms 
and recovery outcomes. J Head Trauma Rehabil. 2019;34(6):E40–8.

	31.	 Trbovich AM, Howie EK, Elbin RJ, Ernst N, Stephenson K, Collins MW, 
et al. The relationship between accelerometer-measured sleep and 
next day ecological momentary assessment symptom report during 
sport-related concussion recovery. Sleep Health. 2021;28:28.

	32.	 Wiebe DJ, Nance ML, Houseknecht E, Grady MF, Otto N, Sandsmark 
DK, et al. Ecologic momentary assessment to accomplish real-time 
capture of symptom progression and the physical and cognitive 
activities of patients daily following concussion. JAMA Pediatr. 
2016;170(11):1108–10.

	33.	 Worthen-Chaudhari L, McGonigal J, Logan K, Bockbrader MA, 
Yeates KO, Mysiw W. Reducing concussion symptoms among 
teenage youth: evaluation of a mobile health app. Brain Inj. 
2017;31(10):1279–86.

	34.	 Carlozzi NE, Schilling S, Freedman J, Kalpakjian CZ, Kratz AL. The reli-
ability of end of day and ecological momentary assessments of pain 
and pain interference in individuals with spinal cord injury. Qual Life 
Res. 2018;27(11):3003–12.

	35.	 Carlozzi NE, Freedman J, Troost JP, Carson T, Molton IR, Ehde DM, Najar-
ian K, Miner JA, Boileau NR, Kratz AL. Daily variation in sleep quality is 
associated with health-related quality of life in people with spinal cord 
injury. Arch Phys Med Rehabil. 2021;103(2):263–73.e4.

	36.	 Kratz AL, Ehde DM, Bombardier CH, Kalpakjian CZ, Hanks RA. Pain accept-
ance decouples the momentary associations between pain, pain interfer-
ence, and physical activity in the daily lives of people with chronic pain 
and spinal cord injury. J Pain. 2017;18(3):319–31.

	37.	 Kratz AL, Kalpakjian CZ, Hanks RA. Are intensive data collection methods 
in pain research feasible in those with physical disability? A study 
in persons with chronic pain and spinal cord injury. Qual Life Res. 
2017;26(3):587–600.

	38.	 Kim S, Whibley D, Williams DA, Kratz AL. Pain acceptance in people with 
chronic pain and spinal cord injury: daily fluctuation and impacts on 
physical and psychosocial functioning. J Pain. 2020;21(3–4):455–66.

	39.	 Todd KR, Martin Ginis KA. An examination of diurnal variations in neuro-
pathic pain and affect, on exercise and non-exercise days, in adults with 
spinal cord injury. Spinal Cord Ser Cases. 2018;4:94.

	40.	 Todd KR, Shaw RB, Kramer JLK, Ginis KAM. Using ecological momentary 
assessment to evaluate neuropathic pain experienced by adults with 
SCI: recommendations and participant perceptions. Disabil Rehabil. 
2019;43(17):2439–46.

	41.	 Gonzalez-Barato LJ, Rubio VJ, Hernandez JM, Sanchez-Iglesias I. PSIXPORT: 
Mobile app for ecological momentary assessment of psychological 
dimensions in sport injury. Front Psychol. 2021;12:697293.

	42.	 Pacella M, Prabhu A, Morley J, Huang S, Suffoletto B. Postconcussive 
symptoms over the first 14 days after mild traumatic brain injury: an 
experience sampling study. J Head Trauma Rehabil. 2018;33(3):E31–9.

	43.	 Pacella ML, Girard JM, Wright AGC, Suffoletto B, Callaway CW. The associa-
tion between daily posttraumatic stress symptoms and pain over the 
first 14 days after injury: an experience sampling study. Acad Emerg Med. 
2018;25(8):844–55.

	44.	 Price M, Ruggiero KJ, Ferguson PL, Patel SK, Treiber F, Couillard D, et al. A 
feasibility pilot study on the use of text messages to track PTSD symp-
toms after a traumatic injury. Gen Hosp Psychiatry. 2014;36(3):249–54.

	45.	 Price M, van Stolk-Cooke K, Ward HL, O’Keefe M, Gratton J, Skalka C, et al. 
Tracking post-trauma psychopathology using mobile applications: a 
usability study. J Technol Behav Sci. 2017;2(1):41–8.

	46.	 Price M, Van Stolk-Cooke K, Legrand AC, Brier ZMF, Ward HL, Connor JP, 
et al. Implementing assessments via mobile during the acute posttrauma 
period: feasibility, acceptability and strategies to improve response rates. 
Eur J Psychotraumatol. 2018;9:1500822.

	47.	 Carlozzi NE, Freedman J, Troost JP, Carson T, Molton IR, Ehde DM, et al. 
Daily variation in sleep quality is associated with health-related quality of 
life in people with spinal cord injury. Arch Phys Med Rehabil. 2021;17:17.

	48.	 Carlson EB, Field NP, Ruzek JI, Bryant RA, Dalenberg CJ, Keane TM, et al. 
Advantages and psychometric validation of proximal intensive assess-
ments of patient-reported outcomes collected in daily life. Qual Life Res. 
2016;25(3):507–16.

	49.	 Lefkovits AM, Hicks AJ, Downing M, Ponsford J. Surviving the “silent epi-
demic”: a qualitative exploration of the long-term journey after traumatic 
brain injury. Neuropsychol Rehabil. 2020;31(10):1582–606.

	50.	 Cunningham J, Broglio SP, O’Grady M, Wilson F. History of sport-related 
concussion and long-term clinical cognitive health outcomes in retired 
athletes: a systematic review. J Athl Train. 2020;55(2):132–58.

	51.	 Jörgensen S, Costa Andersson MV, Lexell J. Changes in health-related 
quality of life among older adults aging with long-term spinal cord injury. 
Spinal Cord. 2021;59(7):769–76.



Page 27 of 27Mitchell et al. BMC Medical Research Methodology          (2022) 22:119 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	52.	 Axén I, Jensen I, Butler Forslund E, Grahn B, Jørgensen V, Opava C, et al. 
Frequently repeated measurements-our experience of collecting data 
with SMS. BMC Med Res Methodol. 2020;20:1–11.

	53.	 Mitchell R, Braithwaite J. Evidence-informed healthcare policy and prac-
tice: using record linkage to uncover new knowledge. J Health Serv Res 
Policy. 2021;26(1):62–7.

	54.	 Liu J, Zhao Y, Lai B, Wang H, Tsui KL. Wearable device heart rate and activ-
ity data in an unsupervised approach to personalized sleep monitoring: 
algorithm validation. JMIR Mhealth Uhealth. 2020;8(8):e18370.

	55.	 Dunton GF, Dzubur E, Intille S. Feasibility and performance test of a real-
time sensor-informed context-sensitive ecological momentary assess-
ment to capture physical activity. J Med Internet Res. 2016;18(6):e106.

	56.	 Rosenberg GM, Shearer EJ, Zion SR, Mackey SC, Morris AM, Spain DA, et al. 
Implementation challenges using a novel method for collecting patient-
reported outcomes after injury. J Surg Res. 2019;241:277–84.

	57.	 Rich JL, Chojenta C, Loxton D. Quality, rigour and usefulness of free-text 
comments collected by a large population based longitudinal study-
ALSWH. PLoS One. 2013;8(7):e68832.

	58.	 Juengst SB, Terhorst L, Nabasny A, Wallace T, Weaver JA, Osborne CL, et al. 
Use of mHealth Technology for Patient-Reported Outcomes in commu-
nity-dwelling adults with acquired brain injuries: a scoping review. Int J 
Environ Res Public Health [Electronic Resource]. 2021;18(4):23.

	59.	 Bai S, Babeva KN, Kim MI, Asarnow JR. Future directions for optimizing 
clinical science & safety: ecological momentary assessments in suicide/
self-harm research. J Clin Child Adolesc Psychol. 2021;50(1):141–53.

	60.	 Stone AA. Thoughts on the present state of real-time data capture. The 
science of real-time data capture: Self-reports in health research; 2007. p. 
361–70.

	61.	 Balasundaram AP, Athens J, Schneiders AG, McCrory P, Sullivan SJ. 
Psychological and lifestyle factors that influence the serial reporting of 
postconcussion-like symptoms in a non-concussed population. PM&R. 
2017;9(9):866–73.

	62.	 Mitchell R, Driscoll T. Calculating the risk of injury: do we underestimate 
the true risk of injury? Aust Epidemiol. 2012;19:4–6.

	63.	 Allegrante JP, Mitchell RJ, Taylor JA, Mack KA. Injury surveillance: the next 
generation. Inj Prev. 2016;22(Suppl 1):i63–5.

	64.	 Everhart RS, Borschuk AP, Miadich SA, Barsell J, Heron KE. Caregiver daily 
experiences associated with child asthma symptoms. Am J Health Behav. 
2018;42(2):50–60.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Synthesis of evidence on the use of ecological momentary assessments to monitor health outcomes after traumatic injury: rapid systematic review
	Abstract 
	Background: 
	Method: 
	Results: 
	Conclusions: 

	Background
	Method
	Definitions
	Data sources and eligibility criteria
	Abstract screening
	Full-text screening, data extraction and quality review
	Narrative synthesis

	Results
	Discussion
	Strengths and limitations
	Future directions

	Conclusion
	Acknowledgements
	References


